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te work on the animal side done hy Gallioshi, on. tne effect of 


ae the value of this subject for investigation, and 
she object of this thesis has heen to confirm and extend those ob- 
ations. In this connection, then, I desire to thank Professor 
ottes for the assignment of a subject which appears to be of no 
M2 worth, and to thank him also for the aid given me in his di- 


rection and assistance toward the performance of the work. 
ihe - 


‘The beans, after having a little of the integument removed from 
edge to facilitate soaking, were placed in water for twenty- 
hours, then planted in sawdust and allowed to germinate. When 
the roots had reached a length of one and one-fourth to one anda 
inches they were transferred to 2 tap water medium where they 
nained twenty-four hours; the purpose of this being to cause them 
;0 become acclimated to a liquid medium. They were then ready for 
experimentation and the method was simply to transfer the seedlings 
to a tap-water solution of antipyrine of the desired strensth. To 


is end large gluss or franite-ware pans were used. The pans were 


rered with a screen of one-fourth inch mesh and the seedlings 


- roots projecting through into the pan. When all had been 


bransferred, which required only two or three minutes, the solution 
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sre immersed in the antipyrine at practically the same instant. 


It was’ Jesirable to study not only the direct effect of the anti- 


pyrine, as would be obtained by killing and fixing the roots immed-~ 
iately after removing from the solution, but) also to study the re- 
its when a period of recovery was permitted before killing. To 
nis end the method was as follows. After varying intervals, uke 

, 1-1/2, 2, 2-1/4, 2-1/2 hours, two or three seedlings were removed 
nd killed immediately. At these same times others were transferred 
ack to tap-water containing no antipyrine, the roots being first 
held in a stream of water to wash the antipyrine from their surface. 
By thus leaving the roots in tap-water they had a chance to recover 
from the effects of the antipyrine, or "regenerate", This regenera- 
sion also,was permitted to go on for different lengths of time for 


different previous exposures in antipyrine. Thus we may have roots 


treated in the way indicated in the following table:- 


; 


led immediately Killed at end of 5 hrs. Killed at end of l2hrg 
r exposure of, regeneration,after pre- regeneration, after 


vious exposure of, previous exposure of, 
1/2 hr. | 1/2 hr. 1/2 hr. 
1 ar ah hr. i hr. 
a-4/2 hr. 1-172 fe. i072 ir 
oe brs. - 2 hrs. 2 hrs. 
2-1/4 hrs. 4 2-1/4 hrs. 2-1/4 hrs. 


eee hrs. 2-1/2 hrs. 2-1/2 bre. 
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Killed at end of 24 hrs. Killed at end of 36 hrs. 
regeneration, after pre- regeneration, after pre- 
¥ vious exposure of, vious exposure of, 
1/2 br, 1/2 hr. 
2. hr. A hr. 
1-1/2 hr. ti /2 hr. 
1 2 hrs. 2 hrs. 
2-1/4 hrs. | 2-1/4 hrs. 
3-1/2 brs. 2.1/2 bre. 


Considerable experimentation was necessary before the proper 
percentages, and times of exposure were arrived at. This work had 
been previously done by Professor Hottes, and the tables just pre- 
ceding show the periods used, the percentages employed being 1-1/2, 
2 and 2-1/2. In general, the best results seemed to come from the 
2% solution. 
- 
> ‘The following remarks enter into consideration with more or less 
2ffect upon the results. In all cases the exposures were started 
at about eleven o'clock in the morning to insure bringing as great 
a number of division stages as possible under tne influence of the 
itipyrine. Of course it is to be remembered that some time is 
reauirea for the anyipyrine to reach the center of the root after 
| tn ne latter has Peon immersed, and also that some antipyrine renains 
in the root after it is transferred to tap-water for regeneration. 
he effect of this last is frequently shown in divisions which take 
ice during the regeneration period. 
‘In the case of material killed immediately after removing from 


the antipyrine, and also when the regeneration period was only five 


hours,about one centimeter was cut from the tip and 
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can xed’ In the cases of longer intervals for regeneration,a record 
was made of the length before exposure to antipyrine, and the mease- 
“urenont was again taken at the end of the reseneration period; the 
amount of growth in the meantime being taken into account in cutting 
off the portion to be fixed, so that the region previously exposed 

© antipyrine was included. When growth during the regeneration 
period amounted to eight or ten millimeters,tne exposed region was 
Ethis case pushed back into the zone of elongation where the 
yrotoplasm is only a peripheral layer, and hence not much chance is 
ffered for a study of the structure of the cytoplasn. 

A After twenty-four hours fixation, the material was washed, dehy= 
drated, and transferred to 43°C. parrafin by the use of chloroform, 
the paraffin being dissolved in the chloroform with low heat... After 
“the chloroform had been evaporated off, leaving the material in pure 
| 43° paraffin, transfer was made to 52° paraffin in which the material 
was embedded. Sections were eat % to 10 microns thick and stained 
‘in the Flemming triple stain; the method followed heing similar to 


that used by Mottie#* in his study of division in pollen-mothercells. 


The following two solutions were used for killing and fixing, and 
ir any priference in the results was noticed it was that the staine 
ane capacity of the spindle fibres especially, was best brot out with 
ie Faeming solution. ~~ | 


Fleming's solution, Chromo-acetic solution, 


Osmic acid ter « chromic acid Ya a 
chromic acid 3,6 er, acetic acid 4 gr. 
acetic acid 24 °ce, water 1000 ce. 
water 432 cc. 


shed Mottier- "Bietrige zur kenntniss der kerntheilung in den Pollen 
. nutterzellen einiger, Dikotylen und Monokotylen" - in 
Strasburger's "Cytologische Studien" 1897, 
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. EFFECT ON THE CYTOPLASM. 
Pa “s 
(The striking appearance of the cytoplasm in material treated for 


n nour or more with a two perc ent soultion of antipyrine can not 
yy 
8 cap 


_ 


e the attention on the first examination, The result is a dew 
| dedly alveolar structure, which varies in prominence with the 

time of exposure and strength of the solution. The following table 
hows the conclusions drawn from two or three sets of roots treated 
. the three different strengths of solutions- 
1-1/2%solution. Without regeneration. 


‘V/enr. exposure, Alveoli rarely present 


= hr. " 
1-1/2hr. " Alveoli present but not well developed, 
or. .* Alveoli present and better than in above, 


.. ; /4hr ” ) in 
2-1/2hr. Alveoli present and Padely developed, 
. 2 % solution. Without regeneration. 
Bei /2hr. exposure, Alveoli formed not well developed. 
Dm. ." Alveoli ‘eatnad and more prominent than in above. 
L/ehr. MS Appearance about the same as above. 
chr. s Alveoli good to excellent. 
L/ahr. " _ Alveoli excellent. 
2-1/2hr. My Probably no better than above. 
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>. 2-1/2 % solution. Without regeneration, 


-1/2hr. exposure, Alveoli present and fairly developed. 

: hr. . Alveoli good. 

1-1/2 " n 

7 a. = =O e 

a-1/4hr. Alveoli good but without thick walls. 

2-1/2hr. " Alveoli good but flaky around exis cylinder. 
Individual variations are present, so that in some instances, prob- 
ably depending on the activity of the root, sood alveoli were ob- 
Rained from material exposed for only one half hour to 2% solution. 

| Pig. 1 is a microphotograph showing the conditions obtaining in a 
Being le region of the division zone. While the photograph does. not 
Sabor the detail clearly, the excellent alveolar appearance is brought 
out. Fig. 2 is a microphotograph to show the appearance of the cyte 
plasm after regeneration. This will be referred to again. Figs. 

6 and 4 are drawings from the same regions as that from which the | 
‘first microphotograph was made. Fig. 3 is from the epidermis on the | 
“right inward, and except for two or three rows of cells between the 
vlere edge of Fig. 3, and the right edge of Fig. 4 , the two figures 

| tog eether present a continuous view of the appearance of the li 
oa epidernis aaeard to the center of the axis cylinder, 


P 
n the epidermal cells ne cytoplasm is dense and granular, with | 


| 
mmerous small cavities, immediately within this layer the aliveoli 

| gradually grow larger for some distance inward, then decrease in size 
until the last two or three layers surrounding the axis cylinder are > 


,;ched when the alveoli give place to a densely flaky structure whid. 


) less densely, is continued into the axis cylinder. The cells 
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of the root cap contain larger alveoli than those of the root 

itself immediately above it, and from the tip of the root upward 
the alveolar condition gradually becomes more prominent, the alveoli 
gradually becoming larger, until in the. stretching zone, by coales= 
cence they form vacuoles. Thus within one organ, the root, we have 
the cytoplasm of different regions responding very differently to the 
same stimulus, both from the outer layers inward, and from the tip 
Turning now to the regeneration material, the following table 


shows the conditions of the cytoplasm after five hours regeneration 
* 


from previous exposure to a 2% solution:- 


: 1/2 hr. previous exposure, No alveoli, cytoplasm flaky. 


hr. | . 

1-1/2 hr. : 

2 hr. # ' Some alveoli but those disappearing. | 
2-1/4 hr. : Some alveoli still present. 


2-1/2 hr x Few alveoli still present. 


After twenty-four hours regeneration the alveoli have entirely 

| disappeared except in the high per cents. In one case in which the 

q v | 

| previous exposure had been two hours in a 2% solution, and the erowth 
q : | 


seven millimeters during the regeneration of twenty-four hours, thin 


walled shells were still present to indicate an alveolar structure. 


it might be added that the indicationsof the alveolar condition were 


an - 
not at all well marked, and further it will be noted that with each | 


succeeding division the amount in any cell is halved, so that with 


division sufficient to produce seven millimeters growth the amount 
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remaining in any one cell must have been very small, and we should 


have expected that by that time the plant would have become acclimat- 


It seems as tho in regeneration the biveol4 break down and from 
their disintersrated walls results a flaky cytoplasm. This flaky 
condition is Peeled’ 15 different in appearance from the eranular 
condition; the flakes in themselves being peculiarly transparent. 


‘The variation in the effect upon the cytoplasm in different regions, 
i 


i 
al 


_ the view that there is no definite structure for cytoplasm; but that 


| 
the structure varies with the conditions. 


EFFECT ON THE KINOPLASM. 
Fully as prominent as the change produced in the structure of the 
_ trophoplasm is the effect of antiphyrine on the kinoplasm of the 


|) spindle. Material exposed for one-half hour to a 2% solution shows 


cells are too long to stand in the normal, vertical position, and in 
the lower cell the mitotic figure only renains vertical by having 
its lower pole thrust forcibly down into the pvocket-like lower end 


| of the cell. Furthermore , while the layer of trophoplesm in every 


| case lies between the chromatin mass at the end of the spindle and 


i 
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the cell wall itself, yet the shape of the chromdtin masses shows 
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or pocket in which they lie. In the case of the upper end of the 
inte in the lower cell, this force is flattening the chromatin 
mass out and applying it to the upper wall. Also, where portions of 
individual chromosomes are still visible these free ends are being 
pressed toward the adjacent cell walls. In other words, as illustrat 
™ especially by the middle and lower cell, it is as tho some force 
be ween the chromatin masses were endeavoring to separate them as 

far as possible. That the spindle is this force is shown by the fact 
that it is too long to assume its normal position and in its cont inwegd 
| growth has glided around in the cell, pushing before it the chromatin 
mass. The wavy appearance of the fibres in the middle cell of Pig. 
/10 and also in the upper right hand cell of Fig. 6 shows that the 
“further increase in length of the spindle is hindered by its poles 
‘reaching Bhe diazonal corners of the cell, the growth of the fibers 
“still continues, and, due to the resistance, may become wavy. Fig. 
24° shows a spindle the upper end of which has forced its chromatin 
jmass around. Here the spinile is beginning to disintegrate, but the 


a 
fibres remaining show the wavy appearance. Thus by the antipyrine 


| 
| the spindle fibres are stimulated to an increased growth in length 
ind this elongation of the spindle forces the masses of chromatin 
art. These are not exceptional cases, but rather the rare except» 
“ion is to find a normal spindle, except in the region of elongation 
|where it would require an excecdingly long mitotic figure to reach 
“the entire length of the cell. 

In other cases, later stages as indicated by the loss of identity 


of the chromosomes, no recognizable spindle remains, but in its stead 


amass of fibres crossing each other in different directions, but at 


aid = 


he same time straight, or curved in a way to indicate a stress and 


elongating tendency . Figs. 7 and 9, and 1] illustrate this. 


| Occasionally a spindle is found which still occupies a vertical 
position in the cell, but its bulged appearance gives evidence of the 
6longation of the spindle fibres. In the upper right hand cell of 

| Pig. 15 the original position of the spindle is shown by the present 
densely granular area, and from this it can be seen that the spindle 
was much rounded, 


Now that we have seen that the fibres grow in length, and that 


fibres originate from nuclear reticulum, would it seem probable that 
| more than the normal amount of spindle-fibre material could be pro» 
} duced? That is, if the nuclear reticulun goes to form the spindle 

| fibres then when that amount is used up, how can more spindle-fibre 
| material be formed, as is the case under antipyrine stimulation, 
ron both the number and length of the fibres is increased? It may 
I be replied that not all the nuclear reticulum is used normelly and 
that by stimulation the reserved store is called into use; but it is 
| evident that a nucleus many times larger than that in Vicia Faba 
would be required to contain nuclear reticulum sufficient to produce 


| the amount of spindle fibres showm in Pigs. 9 and 13, when it is 


_ plane of the spindle. In answer to.the hypothesis that the fibres 


arise from both cytoreticulum and nuclear-reticulum, it seems suf- | 
} 
| 


ficient to ask how can a cytoreticulum take part in their formation > 
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of this material under the conditions to which it was subjected. 

: Leaving for a time the question of the origin of the spindle 
Deibres, we will turn to that of growth. Spindle fibres grow, 
Further, we do not find isolated short bits of fibre out in the cytoe 
plasm, or in the region of the nuclear membran-e, growing in length 
@na tying in the direction of the future spindle. That is, the spir- 
de does not originate either out in the cytoplasm or within the 
Besteus, as a lot of short rods which later grow in length, and ree 
“maing parallel, come eventually to have their ends drawn together, 
thus Biving rise to a spindle. O” the other hand, short fibres are 
Bere quentiy found, upper right hand cell of Fig. 6, extending from 
| the pole of the spindle outward; that is, growth of the spindle- 


| fibre is from that point as a center which is later to become apole 


eno cune spindle. Whether its growth is by additions at the free end 


{ 
] 
| 
aa 
ai 


mor @dditions at the basal end, is the question to be taken up next. 
‘Ef growth took place at the free end, then spindle fibre formation 


erouts be something comparable to a crystallization process. A center 


| of growth, whatever that might be, would have to exist at the free 


@ | 
) €nd of every spindle fibre and by a precipitation,possibly, of some- 


thing in the cytoplasm, elongation might take place. But when the 


a 


| 


| 


| stance, growth in length does not give place to growth in thickness; 


free end of a fibre comes in contact with the cell wall, for in- 


} 
| 
} 
} 
| 


| but rather the fibre continues to elongate without any evident 

| thickening. Further, the mere fact that a spindle has its fibres 

i | 
| drawn together toward a common center at each end suggests that they 
"arise at a common center;for if they had their origin in the cyto- | 


ag 2 j . 
plasm or in the nucleus and grevin haphazard directions, what force 
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rot 
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would guide them to a focus at the poles? We seem compel.led to con= 
jelude then, that spindle fibres have their origins at the poles of 
‘the spindle as centers of radi ation, and their growth is by addition 
| of matter at their basal ends, something as the mercury column in 
la thermometer increases in length by additions from below, 

So far nothing has been said of any distinction between mantle 
fibres and central spindle fibres. It is generally assumed now that 
the central spindle fibres, which pass fran pole to pole exert a 
push tending to separate the ends of the spindles; but a dtegerence 
a opinion exists as to the action of mantle fibres. The concensus 


“of opinion is, however, that the movement of chromosomes is brot 


a 
_ about by these fibres, hence the discussion resolves itself into a 


| 


fibres. The first objection to the theory of the shortening of the 


question of whether the chromosomes are pushed or pulled by these 


| sones are moved in this way the fibres themselves must shorten to 
nil; but if: this takes place, the best observation does not seem 
“to confirm the existence of any thickening of the fibres, which 
“would be expected to result from a shortening in length. It might 
|be answered that the chromosomes need not be brot any closerto the 


i 


(so secure a fusion of the chromatin matter, but looking at such 


10 
- Seeenes ; 
|f figures as 8 and 10 sives one an entirely different view of the mate 


ich only one end of a chromosome has become fused with its fellows 


mant]e fibres has been raised many times,- namely that if the chromo 


] 
poles than is necessary to make contact hetween them individually and. 


d the other still remains free, this free end ‘is in such a position 


Kt 


» 
; = 
“iy ft 
i 
= 
7 
4 reget 
' ee . . 
st 
; ha. a 5 
>) ae au we 


i - 


_ 


ny Hah Wa. ps 


a at ray : 


7 
1% Jp 


abe 


. 


—~ 


s 
‘awe 
| 
cyte.’ ee 
f r/ 
; ~~ > Py 
A 74 
> - a? ee 
as ® 
- 5 7 7 a 
amen 14 es gale 
A~ : "Bie: 
n ‘fst: ABE avely net ter 
f - Le 
ae i 
en one? bectene ate 
be a a = 
ve Lokpohay ade ge 
bi . Fi _ 
mtd 


ae 


a Le 


as to indicate that it is being shoved away from the axis of the 
“spindle, Such a force may readily be conceived as due to the 
“growth of spindle fibres radiating from the opposite pole of the 

\ spindle ,and having their distal ends applied to these free ends of 
‘the chromosomes. No other assumption seems applicable,and Fir, 8 
ppows a case in which such Spindle fibres could actually be seen. 
/In the two upper left hand cells of Fig. 35 it is evident that the 

le chromosomes have no definite arrangement and this haphazard condition 
| is due to the energetic fibres which are pushing the chromosomes in 
« directions, or at least this must have been the case while the 
“spindle was yet functional and had not commenced to disintegrate; 
“for had the function of the spindle been performed nornally, the 
"polar masses would have been formed in the scroper manner. Under 


| 


‘the chromosomes into polar sroups can not take place and the probable | 


the present condition however, it is evident that the separation of 


outcome would have been the refusion of the whole chromotin mass 
‘into one giant nucleus. 


Returning now to the method of chromosome movement it can not be _ 


said then, that they are pulled to the poles by the mantle fibres, 


“and that later these masses are pushed apart by the central 
spindle fibres, for in Fig. 8 we have a forcible separation of the 
_masses as shown by the diagonal position of the spindle, and at the | 
| same time there is a pushing of the chromosomes as already discussed. 
may then, shall we make a distinction between mantle and central 


| 
| 
“spindle fibres? It may be replied that proving the non-existence of — 


such a distinction in Vicia Faba is treating only a single instance, 


and to this again it may be responded, will not the theory of elonga- 


tion of all the fibres explain the facts observed in any case, just — 


— -- — = a 


Ni 


oe ys 
=> yw = a ly 
on On 


7 rn bade ae, 
ee @ 6 tiry Sa! u ou. mn 
4 4 7 - fir 
ag in Ret 
Le = i 
i 
faA* 5 
by 6 s e iid 


. [5 — 


as well as will the theory of contmctility of mantel fibres, and 
‘elongation of central fibres? To this may be added any argument 
\goming from plausibility, namely, that it is a simpler and apparently 
| just as applicable a theory to suppose that all the fibres have the 
“same origin and the same characteristic of rfrowth, and that in the 
‘origin, some are not especially destined to remove chromosomes, nor 
others to become central spindle fibres; but in their growth toward 
the equator from the poles, some come in contact with chromosomes 
[anton they shove ahead in their growth and others not coming in cor 
tact with chromosomes, grow on past the equator toward the opposite 


\\q 


jend of the spindle. 


{ 


jexplained; but in view of the elongation of the spindle fibres, ‘as 


Just why a spindle is elipsoidal in shape, does not seem easily 


jalready demonstrated, something of the causes may be gotten at. If 


under normal conditions spindle fibres are produced only on the inne 


| 


Ha is only necessary to introduce some resistance to the senaration 


side of each region, later to become a pole of the spindle, these 
fibres would meet at the equator and the figure would he that of two 


cones, base to base. To convert such a figure: into an ellipsoid, 


| 
/.. the voles of the spindle which will then cause the spindle fibres 
| 

a bulge out as their growth continues. The question then is, what 


| 
would serve to offer sucha resistance? Looking at such a case as © 
ll 


}is shown in Fig. 8, we have seen that the diagonal position of the 
} 
| spindle is due to its elongation.  . . At the same time we see 


= a layer of cytoplasm remains between the chromatin masses and 
tt e cell walls. This in itself might perhaps indicate that the 


“viscosity of the cytoplasm offers some resistance to the movement of 
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chromatin masses, and the whole bulging of the spindle would seem 
then, to be a question of the excess of the resistance due to viscos- 


| ity over the rigidity of the spindle fibres. Thus, it does not 
| 


fibres, and hence causing a bulging of the spindle, yet at the same 
ime; within the spindle this elongetion of the spindle fibres may 

| be sufficient to move the chromosomes. 

Returning again to the question of bulging as resulting from some 

| resistance to an elongation of the spindle, the question arises, 
ety should the fibres not bend inward, as well as outward, and the 
result be such a figure. as ¢ » rather than an ellipsoid? It seens 
permissible to assume that since the fibres forming the core of the 
spindle are eave ndivdiar forthe equatorial plane of the cell, they 
'will be the first ones to make continuous connection between the 
Bones of the spindle,since fibres oblique to the equatorial plane 
Bea: erow farther in order to come in contact with their fellows 

from the opposite side. Were such a core as this formed, it seems 

as tho it would in itself, resist any tendency of the fibres to 
bulge inward, and hence the bending would have to be outward, and | 
eta. result in the ellipsoidal spindle. 

To sum up what we have said so far on spindle formation we have 
| first the formation of spindle fibres on the inner edge of regions 


| later to become poles of the spindle. These fibres are all similar 
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t é cytoplasm.is the obstruction offered to the elonration of the 

| spinaie, and this causes the tulged or ellipsoidal shape. 

| The fagt that chromosomes are not pushed outside the spindle, 

, as they are forced along to the poles, may he explained by the exist- 
"ence of so large a number of spindle fibres that these in themselves 
“make it impossible to force the chromosomes out; but at the same 
‘time, being parallel with the direction of travel of the chromosomes, 
| offer no great resistance to the passage of the latter in the proper 
| direction. | : 

Fig. 9 is a case in which the spindle has been under the action 
of antipyrine prohably since it was in the metaphase stage. The 
Brow. 0: the spindle fibres has been exceedingly energetic, so much 
s0, that it seems that where the two ends of opposing fibres come in 
ee es have slipped and passed by: soing directly across to 

the opposite side of the spindle, and many of them,by continued 
growth after coming in contact with the cell wall, have become 

bent in different directions. The chromosomes nad evidently reached 
the poles before this growth of the fibres was at its maximum, 
otherwise they would have been pushed in all directions as in the 

| two cells of the upper left corner of Fig. 35. In such cases as are 
represented by this last figure,it is clear that nakees daughter 
Miasiet can not result. . | 
Giga. 18, 19, and 17 form a series in which it might appear that 


ii 


| division by simple constriction, amitosis, is takingplace. It will 
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normally exists, and a coenocytic cell is the result. Fig, 16 howe 
| ever, lends some doubt to such an hypothesis, since we have here a 

| binucleated cell, the two nuclei of which however, are in meta- 
kinetic, or early anaphase stages of division. Fig. 5 is a stage in 
“which the spindle activity probably ran their cycle before their 

Re pone was entirely accomplished, and began to disintegrate before 


a 


| all the chromatin matter was moved to the poles. Whatever the cause, 


‘the fact remains that a chromatin bridge connects the two polar mass= 


i 
} 
1 
| 
| @s of chromotin and from this we set some clue as to the origin of 


the pseudo-amitotic figures. Suppose that each of the chromatin 


| 
— pass on to the resting stage; a nuclear membrane would 
s developed around each mass; but no force would pel geesens te 
break the chromatin bridge. On the other hand, from the fact that 
” 
muciei tend to occupy a central position in the cell, the interval 
between the daughter nuclei would probably be shortened and in this 
I process, part of the chromatin of the bridge would be absorbed by 
the polar masses. Thus we would have such a condition arising as | 


| is shown in Fig. 18; and Fig. 19 is similar except that either the 
| original chromatin bridge was larger, or in their movements toward 


a” center, the two masses came into closer contact. In such cases 


b] 


eeemaee. 7, 9, 11, and 14, it is evident that no cell wall will ever | 


a 


| 
= daid down between the poles of the spindle, and hence if the two 
| 4 


| chromatin masses round up quickly, two nuclei will be formed in each. 
| 


/ 
| 


} ceil. The last statement implies that a fusion of the two masses 


| might take place if this rounding up , and taking on of the resting © 
Biivace did not occur quickly. It appears that if contact be made 


before both masses have assumed the restine stage, and before a 


| nuclear membrane has been formed, then, depending on the complete- 
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ness Of the fusion, a giant nucleus, or a pseudoamitotic figure may 


“result. That is, it seems that after the nuclear membrane has been 


\formed no further fusion of the masses takes place; they remain in 


\their isolated or partly united condition; but so long as this 
nuclear membrane is not formed, fusion may take place and the chances 


| 


| towards the center of the cell. 


for its occurrence are aided by the tendency of the masses to move 


Which 
- Similar conditions obtained from mitotic figures,were placed under 


the influence of chloral hydrate have been studied by Wassielewski* 
| 
who interprets the phenomena as normal amitosis, which by the action 


of chloral hydrate has been induced in the place of normal mitosis. | 


Nemec *however, in the same number in which Wassielewski's last 


larticle appears, describes the same conditions, and while his ideas 


| 


are evidently not altogether the same as those intended to be convey= 
©d by this article, yet he sees the conditions as they really are, 
|namely, abnormal variations of mitosis, and not at all due to a con= 
striction of the nucleus. 

While the immediate cause of the dumb-bell shaped nuclei is the 
Wexistence of a bridging chromatin band, the ultimate origin is in the 
abnormal spindle. On account of the increased stimulation in spindle 
- | 
| fibre production induced by the antipyrine many more fibres may be | 
eee on one side of the spindle than on another,and along with | 
this may come also an unequal distribution of fibres to the chromoe 
| somes, this last resulting in the failure of some of the chromo = 


| somes to be moved to the poles, The result is such a bridge as is 


_ shown in Fig. Bis 
| Sanrb. f. Wissen. Bot, Bd, 38; Hf.3. 
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“fibres on the two opposite sides of the cell plate, the irregular 


ties shown in the drawing have been produced, That the fibres 

are in a state of stress is shown by the flattened state of the 
‘muclei. We may assume that at one point in the cell plate more 
‘|}force is being exerted from the side of the upper pole than fron 

| that of the lower one, at another region the opposite may he true, 
-jand as a result,in the first case the plate is bulged toward the 
lower pole and inthe second case toward the upper. This inequality 
of force may result from an inequality in the number of opposing 
ifivres at any region of the cell plate, or it may arise from an in- 
equality of the elongation of the fibres striking the opposite sides 
of any definite area of the cell plate. | 

Just what the origin of the plate is. does not seem clear; but 
that its substance is closely fused with the substance of the spindle 
fibres, seems certain from the appearance of the two cells to the 
Tight in Fig. 15. For in this case,if union of the cell plate and 
spindle fibre substance did not exist, then the spindle fibres in 
their unequal growth would not affect the plate as they do; but 
simply slip thru it like wires thru the meshes of a screen. This 
‘intimate relation of the spindle fibres to the plate is further 


oH 


‘shown in Fig. 20,and in the left tell of Fig. 15,in both of which 


- 


only acorner of the mother cell has been cut off. Such cases as 
| 


nit 
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Pin the case of Fig. 20,and the cell to the left in Fig. 15, it 


pe] 


| appears as tho the cell plate had been partly laid down on the 

right side in both cases, but that due to a turning of the spindle 

| which occurred about this time, or at least before the laying dow 
of the ay plate was completed, the mitotic figure came to occupy a 
|horizontal position, ani in this position the formation of the left 

| naar Gor the cell plate was completed. Thus we have another demon= 
stration of the intimate relation between the snindle fibres and the 
cell plate itself. To the risht in the lower cell of Fig, 15 a 

pit of phragroplast remains at the edge of the cell plate. This 
itcutre corresponds undoubtedly with many of the figures of Nemec and 


|| Wassielewski, and it may be that their similar figures from chloral 
Retrate material were produced by the stimulating effect which that 
poison probably had, before its retarding effects set in. 


In the case of Fig. 20 it appears that the spindle was still in 
associated with the wall of the mother cell, but before the left 


the present shape of the dividing wall and also the relative posi- 
tion of the daughter nuclei ~ is explained. In the case of the cell 
| 
to the left in Pig. 15,i+ appears that before any union of the cell 
| 
| 
| turning occurred which caused the point of attachement of the cell 


plate, when union did take place, to be farther up than the middle 
| of the mother cell wall. Even after tnis attachment took place 


|movement of the spindle continued until its axis became horizontal, 


| and conditions similar to those of Fig. 20 resulted. 


practically a normal position when the right edge of the plate became 


edge had become attached ,the twisting took place and by this twisting 


plate to even the right wall of the mother cell took place, a slight 
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The discussion of the origin of spindle fibres has been left 


until their action and effect has been shown. [It has already heen 


| 

. hinted that they seem to be emanations from two opposite centers in 

| ine cell and that they grow by the addition of substance at their 

|e basal ends. That is, it seems that the points called tne poles of 

the spindle,are the centers of growth,and that elongation of the 

spindle fibres takes place by the addition of material et their 
‘basal ends. It would appear then, that some substances, antipyrine 

'| for example, accelerate the production and growth of spindle fibres; 

| that is, increase that ection by which some substance, kinoplasn, 

| dg either removed bodily from the cytoplasm, or is perhaps construct- 
ed out of the trophoplasm and is converted into spindle fibres. 

| | The idea of anensyme being the origin of spindle fibres was sure sted 

Pay Carnoy in 1885, but his theory has received little attention since 


then. Whether or not such a theory seems probable, it nevertheless 


fits in easily with the conditions here described. The objections 


| 

| to the theories of origin from nuclear and cytoreticulum have been | 
| discussed and proof has been presented for the statement that all 
Pinte fibres elongate, and that forcibly; it then remains to show | 
Be ccher the growth is from the poles of the spindles gas centers,or 
D5 by the addition of matter at the free ends of the fibres. This 
Bl nas been touchedppon before but we may now look at it again. There 
| ‘is little doubt but that when a spindle arises the polar radiations | 
| | 
| 


are its first indications; these radiations later meet at the center 


: 
| end the resulting figure is the completed spindle. This statement “a 


ver suggests that growth is from a common center, for we have as- 
\ 
| sumed that the origin is from a common center. Furthermore, if 


“ 


e- 


it 


| growth took place by the addition of material at the free end of 
Sika fibre, then to keep the fibres all drawn together in a focus 

_| at the poles,we would be compelled to assume that some subst ance 
iis present at the poles to nerform this office. On the other hand, 
assuming growth to take place from the basal end, the poles them- 

| selves become the centers of growth,and act to hold all the basal 

| ends of the fibres together , while the free ends radiate out. On 
the whole, this last hypothesis seems the more plausible and finally, 
| tO explain the process of growth, the enzyme theory,or a theory 


| closely related to that ,seems at least tcnable. 


THE EFFRKCT ON THE CHROMATIN. 

Wher we direct our attention to the chromatin we notice other 
abnormalities. Abnormalities,which again in this instance seem 
only the normal phenomena in a more marked degree. The cause of 
these peculiarities may lie ultimately in the spindle fibres which, 
by their exertion of abnormal stress, have pressed the chromosomes 
more closely together at the poles than is normal, and thus has 
arisen the characteristic densely packed polar masses. Fig. 6 shows.) 
three examples of what is referred to. The striking peculiarities 
in appearance are more prominent as this dense mass is converted ine | 
to a resting stage, and by ee eeinine these stages we are able, it 


. 


seens, to see what the steps are in the normal conversion of the 

late anaphase into the resting Sparc Thruout this whole investiga= 
tion all the interpretations of normal conditions, as the elonga- 

tion of all the spindle fibres, etc., have arisen from the interpre=| 


| tation of the abnormally pronounced conditions. as they are occasicn- 


| ed by the accelerating effect of the antipyrine. That is, the 
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conditions here described as resulting from antipyrine are merely 
ginerneliy pronounced normal conditions, and what occurs in the 
normal activities of the kinoplasm, for instance, is simply a repe= 
tition of these same phenomena, only in 5 less pronounced derree, 
The first apparent. change in the solid mass, as it is converted 
into the resting stage, is the appearance of holes, small at first, 
put gradually growing larger ani more circular. Fig. 11 is sucha 
stage in which the clear areas represent the holes. The real nature 
of what we have called holes is better seen when we examine stages 
Beewuute tacver, in which the clear areas are larger. If we make 
drawings or the chromatin mass from a plane, for example above the 
Center, at the center, and below the center of the chromatin mass, 
as in Pig. 26, we find that these drawings do not at all coincide 
one with another,and as the focus is changed from one plane to anothe= 
er we can see the gradual change in appearance. That is, starting 
with the upper focus as shown at "a" and focusing downward, thru the 
mass, “b" gradually comes in view, and then "c", The two upper clear 
areas to the right in "a" change in appearance, and become the two 
mepersclcar areas to the right in " b", but these are not the same 
clear areas that are shown in the upper margin of "c". Also, the 
largest clear area at the lower left margin of "pb", which is not 
present in "a", becomes the lower clear area of "c". We see then, 
that this chromatin mass is a shell pierced with holes and having 
cross bars of chromatin traversing its interior in different direc- 
tions. A representation of such conditions is intended to be shown 
in Figs. 21, 22, 23, 24, and 25. By producing more holes in the 


wall of the shell, and by the enlargement of those already present, 
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and also by the reduction in the diameter of the internal chromatin 
iekices., the normal resting stage of the nucleus seemsto be attained, 
Along with these last changes in structure goes the change in staine 
ing capacity. The chromatin begins gradually te take the gentian 
violet rather than the saffranin. 

Concerning the origin of the cavities within the nucleus, it seers 
quite clear that they arise spontaneously; that is, vacuole like 
spaces seem to appear which gradually increase in size and coalesce 
with their neighbors, giving rise to the transversal bridges when 
the common walls of the contiguous vacuoles are not entirely elimine= 
ated, and producing holes in the wall of the shell where these vac@= 
ucles break thru the surface. 

Frequently small globular masses of chromatin are seen out in the 
trophoplasm. At first it was a ean dae as to whether or not they 
really were chromatin masses; but very close examination revealed a 
connection between them and the general mass, as is shown in the 
cell to the left in Fig. 6, also the lower chromatin mass of Fig. 

14 and the upper mass of Pigs. 22 and 25, The origin of this extra- 
nuclear chromatin does not seem clear, but by examining steges of 
development as shown in the cell to the left in Fig. 6, and the 
Lower mass of Fig. 25, it is evident that the little ball at the end 
of the fine thread arises.as a knob on the surface of the larger 
chromatin mass, and,as it passes out from the mass,the connecting 
threes gradually becomes smaller. The fine thread projecting from 
the lower surface of the lower mass of Fig. 25 is without a knob on 
its distal end and is,incidentally, the longest one of the threads 
projecting from the mass. This points to the origin of the extra- 


nuclear mass as being traceable to the breaking off of the knobs. 
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It further appears that the knobs arise near the surface of the 
large chromatin mass. and pass outward into the trophoplesm, grad- 
ually drawins out the connecting bridge into a fine thread. How 
the knobs appear in the first place is not evident. Perhaps they 
come from the protruding ends of chromosomes. Some chromosomes may 
not fuse entirely with the general mass, and the free ends may be 
sloughed off in the rae of extra-nuclear masses of chromatin. We 
may ask also, why these chromatin globules pass directly out from 
the chromatin mass, keeping the bridging thread taut. Is the thread 
itself stiff, or is some force at work pulling it out? 

In this connection it may be interesting to ask what differences 
will result in the number of chromosomes when such a nucleus as is 
shown in Figs. 16 and 19 passes thru the metakinesis stage. The nume 
ber of chromsomes in the normal cell is not constant, and the number 
which would arise from the division of these dumb-bell- shaped 
muciei can not be placed at twice the normal number, for the fact 
of their being dumbbell-shaped depends on the existence of a chroma= 
tin bridge; and this in turn varies in size, depending as we have 
seen, in one case on the number of chromosomes not moved to the 
‘poles, and hence forming the connecting bridge, and in the other 
case on the completeness of the fusion of the polar masses, in case 
they move together as a result of the failure to lay down a cell 
plate. That giant nuclei do exist is true, but their occurrence is 


not very frequent. 
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” HFYRCT ON THE NUCLEOLUS. 


hour , 
One half,exposure to a 1-1/2% solution of antipyrine is suffic- 


jent to cause the disappearance of the hof in all regions of the 
“periblem except the very tip of the root. In the latter region the 


nucleolus may remain normal thru even two and one half hours expos= 
| 
jure to e strength of 2-1/2%. In the same way, the nucleoli in the 


| 
jaxis cylinder do not seem to be affected by the stimulus. With 


|the dissapearance of the hof,the sharply rounded outline of the 


me eos gives place to an irregular contour. The size of the 


/nucleolus becomes much greater than normal, but that the substance 
| 


of which it is composed is not as dense as it was, is easily con- 


}cluded from the paler stain which it shows. It is as tho the once | 


| 
“dense and rounded body had, with the disappearance of the hof,begun. 


| 


to rapidly diffuse out in all directions. The process misht be com= | 


pared to dropping a bit of ary gelatin into water. Its distinct 


outline disappears with the absorption of water, and at the same 


time the whole mass swells to a sreater size. Why did this dife | 


fusion of nucleolar matter take place? Evidently it is correlated 
with the disappearance of the hot, that is, the removal of the clear 
area from aroun’ the nucleus. 

Hottes*has confirmed quite conclusively,it appears, Strasburger's 


|} theory of the function of the nucleolus, namely, that it is a reserve 


aterial rather than an accumulation of waste products of the meta= 


m 
bolic processes of the nucleus, or an accumulation of chromatin to 


| 


2 given out again at the development of the spireme stage. Whether 
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| tnis reserve material is of the nature of kinoplasm,or is simply 
trophoplasn accumulated within the nucleus,is another question. 

That it disappears when the cell is compelled to work hard has been 
demonstrated®* , and on this fact hinges'the statement that it isa 
“food supply rather than a waste product or a chromatin accimulation. 
|The hof has been explained as the zone of diffusion outward of 
mucelolar matter from the nucleolus itself; that is, the reserve 
material of which the nucelolus is composed has been precipitated 


in some way, and to be of use in the cell activities must be re- 


the nucleolar matter itself, and does not take the chromatin stain 


as the latter does. With increased cell activity,caused for in- 


Up a6 rapidly as it is given .off, and thus has no chance to accumue 
late. We have already seen the stimulating effect of antipyrine, 


and the disappearance of the hof may well be taken, it seems, to be 


nucleolar matter as fast as it is formed. We would naturally expect 
then, that the nucleolus would become smaller in size as this pro- 
cess of dissolution and removal takes place, and measurements were 
madeto determine this. Rirst, it is evident that since the size of 
the nucleolus is somewhat in correlation with the size of the nu- 
cleus, and since the latter varies in size and shape, especially in 


this material, it will be necessary to compare the size of the 


tes. Unpublished work. 


aresult of this same increased activity which uses up the dissolved | 


dissolved. The re-dissolved material is of necessity different from 


stance by compelling the root tip to grow under pressure, as Hottes * 


has done, the hof disappears; that is, the reserve material is taken | 
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nucleolus to that of the nucleus under different conditions of treate 


}ment,if we wish to eet at the effect of such a treatment, rather than 
(to compare simply the sizes of the nucleoli. The next factor is 
}the irregularity in shape of both the nucleolus and the nucleus. The 
irregularity in shape of the nucleolus, resulting in the diffusion 
|} Outward of its substance in all directions, has been mentioned, and 
the irregularity in the shape of the nucleus will be taken up later. 
Because of this irregularity it will not be possible to focus on a 
nucleus or nucleolus and say that the drawing thus made represents 
exactly the relative size of the nucleolus and nucleus, for ina 
plane just above or below the one we choose,the size and shape may 
be very different; and had the nucleus been viewed from a different 
Sireciaon, that is, had the root been. .piveked from a different side, 
the shape would have been still different. We may fairly expect, 
however, to get some idea of the facts as they exist, even by this 
process, if we are careful to choose a plane of focus which shows 
the body which we are examining in about its average size. This was | 
attempted as carefully as possible with good material from exposures 
of one half and two and one half hours respectively, to a 2-1/2% | 
solution. Fifteen nuclei were drawn from each series of material, | 
and separate from these. on the same paper, the nucleoli belonging | 
to these nuclei were drawn. To determine the area of these drawings 
the ptap tent method, on account of their irregularity in shape, was | 
to cut out and weight the fisures of the nuclei and nucleoli res-= ! 
pectively for each series. From this we cet a camparison of the | 
| cross-sectional areas of the nucleoli and nuclei. In the case of 


the one half hour exposure the ratio of the cross-sectional area of 
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the nucleolus to-that of the nucleus is 1:4.1, 9nd a similar com- 
| parison for the two and one half hour material gives the ration 


}1:4.3. It is of course, understood that the ration of @ cross~ 

| cases the difference in results is so small that it could easily fall 
within the limit of error, for the possible error is of necessity 
very great. It would appear then that after the first effect upon 

| the nucleolus, namely the sudden disappearance of the hof and the as- 
sumption of the much larger and more irregular form, the subsequent 
exposure produces no noticeable change. A striking peculiarity 
however, which is noted as one examines the two and one half hour 
material for nucleoli,is the occasional occurrence of nuceli with 

no sign of a nucleolus, or at least nothing that can be called defi-| 
nitely a nucleolus, and not a heavier chromatin mesh. Furthermore, 
the number of such cases is greater in two and one half hour matere= 
jal than in two and one-fourth hour or two hour material. Thus, | 
to find the fifteen nuclei on.which to hase the calculations for the | 
two and one half hour series, it was necessary to omit many which 
appeared either to have no nucleoli,or only very slight and indis- 
tinct traces of such. This is not true of the half hour exposure. 
In attempting to pees sure that each was a clear case, some un= 
doubtedly clear cases were omitted. Another point. also, which 
Wa.) help us out in the end, is the staining of the nucleoli in this | 
two and one half hour material. In no case is it distinctly red, 
end of the characteristic clearness; but rather, the stain is paler, | 


sometimes vellowish, and an observer is led to feel from the ap- 
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less dense than in the one and one half and two hour exposure mater= 
jal. Radiating out from these irregular nuceloli and connecting 
with the chromatin network on the surface of the nucelus, are a 
“great number of thread-like bridges of nucleolar matter. Their ap- 
pearance suggests that the linin network within the nucleus has been 
converted into a path over which the nucleolar matter is passing to 
the periphery of the nucleus. This dissolved nucleolar matter un= 
auptediy passes out of the nucleus; and if it accumulates more 
rapidly than it can diffuse thru the nuclear membrance, a swelling 
“appears On the side of the nucleus, that is, the bulges giving rise 
to the irregular appearance of the resting nucleus, are caused by 
the accumulation of dissolved nucleolar matter which distends the 
nuclear membrane. Frequently very small bulges of the nucelolar 
membrane can be seen pushing out from the meshes of the peripheral 
chromatin network. Fig. 27 is a nucleus from the tip of the root, 
showing the nucleolus with a well defined hof; the nucleolus itself 
being dense and sharply outlined. Fig. 28 is a nucleus from the 
same section, but farther up. The size and irregularity of the 
mucteolus, and the absence of a hof are noticeable. Fig. 31 isa 
nucieus from material exposed two and one half hours to a two and 
one half per cent solution. No nucleolus is visible here. Figs. 

32 and 29 are what have been interpreted as stages in the final 
degeneration of the nucleolus. Fig. 30 shows the fine lines of 
chromatin matter radiationg out from the nucleolus to the nuclear 
‘membranes. Figs. 33 and 34 show the irregular, or lobulate, appear-= 
ance of the nucleus which is correlated with the dissolution of the 


nucleus. 
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SUMMARY. 


The following general results and conclusions seem warranted. 
|The structure of the cytoplasm depends on the external environment 

| to which it is subjected, and also upon its own inherent character= 
istics, which latter may cause different results to obtain in dif- 
(ferent tissues closely associated in the same organ, and placed un= 
der the same conditions of environment. All spindle fibres are the 
| same in origin, and have the same characteristics of elongation. Thay 
all originate at the poles of the spindle as centers of growth. | 
| As they Brow toward the opposite pole of the spindle, some come in 

| contact with chromosomes. which they push ahead, and others, meeting | 
no Obstruction,pass on freely to the opposite end of the spindle. 
By the stimulating effect of antipyrine an excessive srowth in the 
number and lengtn of spindle fibres may he induced and in virtue of 
the abnormal spindle thus formed, therermay result a failure to lay 
down a cell plate. Pseudgmitotic figures may arise by the failure 
of all the chromosomes to be moved to the poles, thus leaving a 
eonnecting bridge. It has been sureested that they may also arise 
by the fusion of normal polar masses in those cases in which no 
cell plate is laid down to keep them apart. Orisin by the first 


method seems undoubted; but the proof of the second lies chiefly in 


the observation that in those cases in which no cell plate is formed, 


and normal polar messes exist, they. lie very close together. By 


continuing the action of antipyrine these binucleated cells will, 


| With the next division, become quadrinucleated cells. If the cell 


plate has become attached at one side of the mother cell wall, then 
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, ! 
by a growth of the spindle sufficient to cause it turn diaognally in 


| the cell, the cell plate may be bent in such a wayas’to finally cut 
Orr Only a corner of the mother cell. By the action of antipyrine 
the chromosomes seem to become very closely packed in the polar mass- 
es, and in the conversion of these into resting stages numerous cave 
ities arise inside the mass giving rise to a spongey structure. These 
Magubles break thru the surface,and by the coalescence of those 
within, a resting nucleus is formed, with a net work of chromatin 
POn the outside, and traversal threads within. With the increased | 
activity ef the cell the hof disappears from around the nucleolus, 
jand the latter becomes irregular in shape,and larger. As it becomes 


Jarger it also becomes less dense,and by means of the radiating arms 


extending out from it, its substance is conveyed to the periphery of | 
¥ 

. ; ; ; | 

‘aaa nucleus. That the linin is the path alongs which this passage 


itakes place seems probable. This process may be carried on so far 
| 
| 


| 


prork, ‘scarcely if at all distinguishable from the chromatin network. 


that no well defined nucleolus remains, but in its place only a net 


\Extra-nucleolar chromatin exists in the form of small globules. 


Their origin does not seem very certain. 
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EXPLANATION OF FIGURES. 


With the exception of the microphotographs, all the drawings were 


-|made with a camera lucida. In most instances, as can be seen from 
‘jthe magnification o11 immersion objectives were used, either a 
‘/Bausch & Lomb one-twelfth or a Spencer two rm. The low power 


‘drawings were made with a Spencer four mm. and sixteen mm. object- 


In the following table, "expos." refers to the length of expos- 
ure in antipyrine, and "reg." to the length of the period of regen= 


leration; the stren«th of the solution hbeine indicated by the per 


Fig. 1. Microphotograph to show alveolar cytoplasm | 


2-1/2 expos.; 2% ! 


Fig. 2. Microphotograph to show formation of granular cytoplasn ! 

by the breaking down of the alveolar walls. Some alveoli | 
| 
still show to right. 


ie expos.; 24 rez. 2% 


Pig. 3. Alveolar cytoplasm, epidermis to right. 
2-1/2 expos.; 2% x 795 


Pig. 4. Alveolar cytoplasm, axis cylinder to lef 


2-1/2 eXpOs.; 2% = 795 


Fig. 5. Chromatin bridge 


2 expos.; 2%:x 1890 


Fig. 6. Distorted spindles 
2-1/4 expos. ' 2% x 1890 
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| Fig. 7. Disintegrated spindle Extra-nuclear chromatin 


2-1/4 expos.; 2% X 1890 


Fig. 8. Spindle fibres pushing chromosomes 


2-1/4 expos. ; 2% KX 1890 


Pig. 9. Mxcessive production of spindle fibres - Extra-nuclear 
chromatin 


2-1/4 expos.; 2 % X 1890 


Fig. 10. Diagonal spindles 
G1 /A expos.; 2% K 995 


Fig. 11. Disintegrated spindle - Extra-Nuclear chromatin 
2-1/4 expos.; 2% X 1890 


Fig. 12. Similar to above. No cell plate 
2-1/4 expos.; 2% X 1890 


Fig. 13. Crescentic spindle 


1/2 expos.; 2% X 1890 


Fig. 14. Disintesrating spindle - No cell plate 
2-1/2 expos.; 2% X 995 


Pig. 15. Distortion of -cell plate 
1/2 expos. ; 2% X 1890 


Pig. 16. Bath nuclei of a binucleated cell in stage of division 
2 expos.; 43 reg. ; 2 % X 1890 


| Fig. 17, Binucleated cell 


1 expos.; 24 reg. 2% X 1890 
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“Pigs 18, Pseudoamitosis 


2 expos.; 24 reg.; 2% X 1890 


di Tada | 


Pig. 19. Pseudoamitosis 
2 expos.; 24 reg.; 2% X 1890 


Baas 20, Unequal division, due to distortion of spindle 


B-1/2 expos.; 2-1/2% X 1890 


Fig. 21. Formation of resting stage 


2 expos.; 2% X 1890 


| 

Fig. 22. Same as above, also formation of extra-nuclear chromatin | 
i} 

Masses | 


2-1/4 expos. 2% X 1890 


Pig. 25. Formation of resting stage, with chromatin bridge con- 
necting masses | 


2-1/4 expos.; 2% X 1890 


Pig. 24. Origin of bi-nucleated cell. Distorted spindle 


a-1/2 expos.; 2 % X 1890 


Pig. 25. Two polar masses of chromatin. Origin of resting stage, 
and origin of extra-nuclear chromatin masses 


2-1/4 expos.; 2% X 1890 


Fig. 26. "a", "b", "c", three views of such a mass as is shown 


hd 


nm Pig. 25, from three planes of focus 


2-1/4 expos.; 2% X 1890 


Fig. 28, 


Fig. 29. 


Fig. 30. 


Figs. 33 


Fig. 35. 


Figs + 36 


Nucleus from near tip of root to show hof 


2-1/2 expos.; 2-1/2% X 2500 


Nucleus from same section farther up, to show large 
nucleolus without hof 


2-1/2 expos.; 2 -1/2 % X 2500 


Nucleus whose nucleolus is scarcely distinguishable from 


chromatin net. From same section as Fig. 27 


ey? expos.; 2-1/2% X 2500 


Nucleus with smaller nucleolus than in Fig. 28. From 
same section as Fig. 28 


2-1/2 expos.; 2-1/2 % X 2500 


Nucleus with no nucleolus. From same section as Fig2 8 


2-1/2 expos.; 2-1/2 % X 2500 


Stage between Figs. 28 and 30. 
2-1/2 expos.; 2-1/2 % X 2500 


& 34, 
Surface views of nuclei to show their irrecular shape 


2-172 expos.; 2-1/2 % X 2500 


Group of cells to show haphazard distribution of 
chromosomes in some cells 


1-1/2 expos.; 2% X 995 


& 37. 


Pisintegrating spindles, Wo cell plate. Origin of 
bi-nucleated cells’ ; 
2-1/4 expos.; 2% X 995 
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. 
* “spines much bent. ioe Figs,40 ts whole mass of chroma-. 
tan is about to re-fuse inta one nucleus 
a-1/4 © expos.; 2% K 995 


3 
Similar to Fig. 40. Re-fusion of chromatin. Spindle 
not in intact as in Fig. 40 | 
R.) - Bs Ba id expose; 2 4X 995 
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